Background: Because total prostate-specific antigen (PSA) and, more recently, the percent free PSA are used to screen men for prostate cancer, population-based, age-and racespecific distributions are needed of both PSA tests among American men to estimate the effect of lowering the PSA threshold or widespread introduction of the free PSA test as an additional screening test. Methods: We did PSA assays on serum samples from men of ages 40 years and older (n = 1,320) who participated in the 2001-2002 National Health and Nutrition Examination Survey. Results: About 6.1% (95% confidence interval, 4.7-7.7%), corresponding to an estimated 3.4 million (range, 2.7-4.3 million) men nationwide, ages 40 years and older, had a total PSA of >4.0 ng/mL. Among men ages 50 to 69 years old, the age group for which PSA testing is most prevalent, 5.4% or an estimated 900,000 to 2 million men had a total PSA of >4.0 ng/mL. An equal number had a total PSA between 2.5 and 4.0 ng/mL and a percent free PSA of <25%. Approximately 27% of men in this age group, corresponding to a range of 5.7 to 8.1 million men, had a total PSA <2.5 ng/mL and a percent free PSA of <25%. Conclusion: The effect of lowering the total PSA threshold or introducing another screening test is significant. Provision of the number of U.S. men with certain total PSA and percent free PSA values may help guide prostate cancer public health policy and screening practices. (Cancer Epidemiol Biomarkers Prev
Introduction
Although the prostate-specific antigen (PSA) test was approved by the Food and Drug Administration in 1994 for early detection of prostate cancer, the effectiveness of this test for populationbased screening has not been established (1) despite its widespread use (2) (3) (4) . A cutoff level for total PSA of 4.0 ng/ mL has become conventional as a threshold for further diagnostic workup (5, 6) . Using a threshold of 4 ng/mL for biopsy, Draisma et al. (7) , reporting from a European screening study, found that 27% more prostate cancers would be detected by a screening test at age 55 than if screening were not done. Recent evidence from the Prostate Cancer Prevention Trial in the United States, however, has shown that prostate cancer may not be rare in men with total PSA values of V4.0 ng/mL, particularly in those with a total PSA of 2.1 to 4.0 ng/mL (8) . In a group of 2,950 men (ages 62-91 years) whose total PSA never exceeded 4.0 ng/mL and who had no abnormal digital rectal examinations, 449 (15%) had developed prostate cancer at the end of 7 years, with rates of 24% and 27% for those whose total PSA was 2.1 to 3.0 ng/mL and 3.1 to 4.0 ng/mL, respectively. In addition, 15% of the cancers detected were of high grade (Gleason score z 7). Not surprisingly, the debate continues about whether lower cutoff values might be needed (6, 9) .
To help distinguish benign PSA elevations from elevations more likely to cause prostate cancer, the Food and Drug Administration approved the percent free PSA as an adjunct screening test in 1998. Some researchers have recommended using a percent free PSA cutoff value of 25% or lower (10) to increase specificity when total PSA values are between 4.0 and 10.0 ng/mL (11) or when total PSA values are between 2.5 and 4.0 ng/mL (12) (13) (14) and even for lower total PSA values (15, 16) . The prevalence and distribution of free PSA tests remain unknown. The present study was designed to estimate the population-based distribution of total PSA and percent free PSA among men in the United States by age and race/ethnicity.
Materials and Methods
Study Population and Sample Design. The National Health and Nutrition Examination Survey (NHANES) 2001-2002 is a nationally representative cross-sectional survey of the civilian noninstitutionalized population of the United States. Details of the procedures involved in sampling and data collection have been published elsewhere (17) . Briefly, this survey used a complex, multistage probability sample based on a selection of counties, blocks, households, and persons within households. Mexican Americans, non-Hispanic blacks, and adults of ages z60 years were oversampled. Overall response rates were 83.9% for the interview and 79.7% for the exam component. All procedures were approved by the National Center for Health Statistics institutional review board; written, informed consent was obtained from all participants.
Men ages z40 years were eligible for PSA testing. After these men received general information about the test from the examining NHANES physician, they were offered the opportunity to be tested. Men were excluded from the test if they refused or reported having any of the following procedures or conditions, as these may have altered the results: current infection or inflammation of the prostate gland, digital rectal exam in the past week, prostate biopsy in the past 30 days, cystoscopy in the past 30 days, or history of prostate cancer. Men with total PSA of >4.0 ng/mL received a letter within 4 weeks of their PSA test, notifying them that this result was outside the normal reference range and advising them to discuss the findings with their physician. All men (irrespective of the PSA value) were notified of their total PSA and percent free PSA results in a package mailed f12 weeks after their exam.
The total PSA values were examined as both a continuous and a categorical variable based on published cutoff values for further diagnostic workup (<2.5, 2.5-4.0, and >4.0 ng/mL; refs. 9, 13) and based on strata (whenever numbers permitted such fine detail) from the Prostate Cancer Prevention Trial (0-1. Collection of Samples, Storage, and Assays. As part of the exam, blood samples were drawn by venipuncture, centrifuged, and the sera frozen at À20jC within 1 hour of the blood draw. Within 1 week, the frozen specimens were sent on dry ice to the University of Washington Medical Center Department of Laboratory Medicine, Immunology Division Laboratory (Seattle, WA), where they were kept at À70jC until analyzed (19) . The PSA values were determined using the Hybritech PSA and Hybritech free PSA monoclonal antibody assays (Hybritech, San Diego, CA) on the Beckman Access analyzer (Fullerton, CA). Both are chemiluminescence-based, ''sandwich type,'' immunometric, solid-phase assays employing murine monoclonal antibodies. The total PSA had a coefficient of variation of <4.6% for quality control pool means with a range of 0.17 to 22.32 Ag/L (20) . The percent free PSA had a coefficient of variation of <4.1% for quality control pool means with a range of 0.59 to 3.30 Ag/L (21). Details about measurement of PSA and quality control procedures are provided elsewhere (17) .
Statistical Analysis. Of the 2,263 eligible men ages z40 years, 1,601 men (70.7%) participated in the overall NHANES examination. Of these 1,601 men, 48 (3.0%) refused the PSA test, 40 (2.5%) had a missing PSA result, 114 (7.1%) were considered ineligible, and an additional 79 (4.9%) were missing information on exclusion criteria that could significantly affect PSA levels, leaving a final study population of 1,320 men (1,320 of 1,601 or 82.4% of all men ages z 40 years participated in the NHANES examination).
The 79 men with missing information were significantly older (P = 0.03) and more likely to be non-Hispanic white (P = 0.004) than the study sample as a whole. Of the 79 men, only 60 had a PSA drawn. Missing information status was not associated with mean total PSA or mean percent free PSA in linear regression models adjusting for age and race/ethnicity.
Distributions of total PSA and percent free PSA for this sample were reported as the median and 90th percentile (total PSA) and as the median and 10th percentile (percent free PSA), within age and race/ethnicity groups. The 10th and 90th percentiles, rather than the standard 5th and 95th percentiles, were reported because of limited sample sizes. National estimates of PSA at different levels (i.e., 0 to <2.5, 2.5-4.0, and >4.0 ng/mL) were calculated. Confidence intervals for percentages were calculated as exact limits based on the binomial distribution (22) . National estimates of the number of men in each PSA group were determined by multiplying the percentages and confidence intervals by population estimates from the 2001 and 2002 Current Population Survey. Variance estimates were calculated using Taylor series linearization. No statistical testing was done in the descriptive analysis; testing for significant differences was done using the regression models.
Two linear regression models were fit to determine the relationship between total PSA and age and between percent free PSA and age. Age was transformed in each model using restricted cubic spline functions to allow for nonlinearity (23) . In both models, we adjusted for race/ethnicity and examined an interaction between age and race/ethnicity to determine if the relationship between age and each PSA measure was similar across race groups. The dependent variables were log transformed in all models because of nonnormality. Due to the small number of denominator degrees of freedom, the F-statistic with Satterthwaite correction for the degrees of freedom was used to test significance. In all the analyses, P < 0.05 was considered statistically significant.
All statistics were generated using SUDAAN version 9.0 (Research Triangle Institute, Research Triangle Park, NC) and SAS version 9.1 (SAS Institute, Inc., Cary, NC). The sample was weighted to represent the total civilian noninstitutionalized U.S. population of men 40 years and older and to account for oversampling and nonresponse to the household interview and medical exam component examination.
Results
Total PSA and Percent Free PSA and Age or Race/ Ethnicity. The median and 90th percentile values for the distribution of total PSA are summarized by age and race/ ethnic groups in Table 1 . In each of the three race/ethnic groups, the median total PSA increased progressively by age group. The median total PSA among non-Hispanic white men ranged from 0.73 ng/mL [95% confidence interval (95% CI), 0.60-0.84] among men ages 40 to 49 years to 2.02 ng/mL (95% CI, 1.67-2.29) among men 70 years and older.
In contrast to the pattern seen with total PSA and age, the median percent free PSA was fairly constant across the age groups within the three race/ethnicity groups. Among nonHispanic black men, however, the median percent free PSA for men ages 40 to 49 years was higher than for men 70 years and older: 31.3% (95% CI, 27.3-35.4%) versus 19.8% (95% CI, 16.8-28.4%).
Regression analysis showed that total PSA increased nonlinearly with age. The relationship between age and total PSA varied across the three race/ethnic groups (age by race/ ethnicity interaction, P = 0.031; Fig. 1 ). The total PSA increased more steeply after age 65 among non-Hispanic whites and Mexican Americans whereas there was a significant linear increase in total PSA with increasing age among non-Hispanic blacks. There was a significant nonlinear relationship between percent free PSA and age among non-Hispanic blacks (P = 0.009). Increased age was associated with decreased percent free PSA for non-Hispanic black men under 60 years of age (Fig. 2) .
We estimated that 6.1% (95% CI, 4.7-7.7%) of U.S. men ages 40 years and older, or 3.4 million (range, 2.7-4.3 million), had a total PSA of >4.0 ng/mL (data not shown).
The distribution of percent free PSA by total PSA and age is shown in detail in Table 2 . Due to sample size limitations, we could not report the proportion of percent free PSA at all PSA levels, especially for men ages 40 to 49 years with total PSA levels >2.5 ng/mL and for men ages 50 to 69 years with total PSA levels >4.0 ng/mL. Among men ages 40 to 49 years, almost all had a total PSA <2.5 ng/mL. In this age group, 36% of men had both a total PSA <2.5 ng/mL and a percent free PSA <25%. Among men ages 50 to 69 years, the age group for which the PSA test is most prevalent (24), 5.4%, or an estimated 900,000 to 2 million men, had a total PSA >4.0 ng/ mL. Similarly, an estimated 5.4% of men in this age group had both a total PSA between 2.5 and 4.0 ng/mL and a percent free PSA <25%. An estimated 22.7% or 1.8 to 2.6 million men, ages z70 years, had a total PSA >4.0 ng/mL. Another 9% of this age group had a total PSA between 2.5 and 4.0 ng/mL and a percent free PSA <25%. Distribution of total PSA by age using the finer strata used in the Prostate Cancer Prevention Trial showed that among men ages 40 to 49 years, 73.4% of men had a PSA between 0 and 1 ng/mL; 21.8% between 1.1 and 2 ng/mL; 2.7% between 2.1 and 3 ng/mL; 0.6% between 3.1 and 4 ng/mL; and 1.5% >4 ng/mL. Among men ages 50 to 69 years, the distribution was 56.6%, 26.1%, 6.7%, 5.1%, and 5.4%, respectively. Among men ages 70 years and older, the distribution of total PSA was 30.5%, 19.8%, 15.1%, 12.0%, and 22.7%. Due to small numbers, we were not able to present race-specific information or present percent free PSA values within these smaller strata.
Discussion
Prostate cancer presents a unique set of challenges for the public health community, the internists, family physicians, and urologists who care for men of ages 40 years and above, and the 56 million American men in this age group, as the great majority either bear some risk for the disease or have already been diagnosed with it. The tasks now are to continue to find out about the range of PSA values both in the community and among men diagnosed with prostate cancer, to determine the optimal ways to use the PSA test and its derivatives to guide decisions about screening and the need for a diagnostic workup, and to match the PSA with factors such as age and race/ethnicity and other measurable factors in measuring a man's chances of having a clinically significant cancer.
The present study is the first to provide population-based distributions of both total PSA and percent free PSA by age for American non-Hispanic white, non-Hispanic black, and Mexican American men ages 40 years and older. As expected, total PSA increased with age, which is consistent with previous studies that attributed the increase to an agespecific growth in the size of the prostate (25) (26) (27) (28) . However, our finding that the increase in total PSA with age was nonlinear and varied across race/ethnicity has not been reported from other population-based studies (28) . Explanations for the higher total PSA among non-Hispanic blacks have included greater prostatic volume, higher circulating testosterone values, and genetic and dietary factors (26, 29, 30) Percent free PSA has not been shown previously to vary by age or by race (28, 31, 32) , but data from the present study indicate that percent free PSA decreases with increasing age for non-Hispanic black men under the age of 60 years. c90th percentile used for PSA rather than 95th percentile due to small sample size. b10th percentile presented for free/total PSA rather than 5th percentile due to small sample size.
x Overall group includes additional men of other race/ethnicity groups (n = 81). k Confidence intervals for percentile could not be calculated due to small sample size. 
Prostate-Specific Antigen and NHANES
The distribution of total PSA values from this study is generally consistent with Oesterling's results for non-Hispanic white men, except that our results have narrower confidence intervals, consistent with our larger sample. Oesterling reported median values of 0.7 ng/mL for men ages 40 to 49 years; 1.0 ng/mL, 50 to 59 years; 1.4 ng/mL, 60 to 69 years; and 2.0 ng/mL, 70 to 79 years. The median total PSA values among non-Hispanic black men in our study were also generally consistent with published literature (26, 28, 29, 33) Our prevalence estimate of the number of men with a total PSA >4.0 ng/mL is slightly lower than the 8% estimated in prior years (29) , but this is appropriate given that this was not the first PSA for many of the men in the sample, reflecting the popularity of this test during the PSA era. Almost 2 of 5 (38.3%) of the men (95% CI, 34.8-41.5%) reported having a previous PSA test (data not shown). The median PSA was slightly higher for men reporting a previous PSA (not shown) and, thus, we might expect our estimates to be slightly lower in men for whom this is the first PSA test. Our intention was to provide a population-based distribution of asymptomatic men; we thus excluded men who reported they were diagnosed with prostate cancer and therefore lowered the prevalence estimates of PSA >4.0 ng/mL.
Several factors should be considered in interpreting our results. Unlike in other studies that have described distributions of total PSA, researchers of this study did not have the results of previous PSA tests or digital rectal examinations. Second, the researchers did not have access to any additional prostaterelated clinical information (such as PSA density, size of the prostate, or results of transrectal ultrasounds). Third, criteria for exclusion such as a diagnosis of prostate cancer, prostatitis, and prostate-related procedures were based on self-reported data and not validated by medical records. Finally, the relatively small number of elderly non-Hispanic black men represented in the 2001-2002 NHANES data means that generalizations from our findings about this group should be made with caution. Two strengths of the present study were the use of a nationally representative sample and the high response rates in the NHANES. Although the survey was weighted to make the sample nationally representative of all U.S. males ages 40 years and older, the final weights did not take into account nonresponse to phlebotomy and PSA testing once the man arrived at the medical exam component. The PSA estimates may have a bias related to higher nonresponse to PSA testing by black men and elderly men in the examined sample. The present study also included Mexican Americans, a group about whom not a great deal is known in terms of distribution of PSA values. Another strength is that total PSA and percent free PSA were measured using the Hybritech immunoassay in a single laboratory setting using a standardized protocol.
This study does provide age-and race-specific distributions of total PSA and percent free PSA from a source that is nationally representative. The clinical and public health communities can use the estimated number of U.S. men with total PSA and percent free PSA values above and below certain 2181 Research. (5) . The remaining 24.2 million men would have a PSA value <4.0 ng/mL. If the threshold for biopsy was lowered to 2.5 ng/mL in accordance with recent guidelines from the National Comprehensive Cancer Network, an additional 2 million men would be subject to further diagnostic workup. Or if the recommendation of using percent free PSA for men with a total PSA concentration between 2.5 and 4.0 ng/mL to identify men at high risk for prostate cancer was implemented (13) , this would entail a diagnostic workup of an additional 1.4 million ages 50 to 69 years. Additionally, a biopsy might be pursued among the 880,000 men who are 70 years and older who have a total PSA between 2.5 and 4 ng/mL and a percent free PSA <25%. In contrast, the number of men who were diagnosed with prostate cancer was 230,000 (of which f80% of cases were considered confined to the prostate), and the number of men who died from prostate cancer in 2004 was f30,000 (34) . A search for a more specific and accurate screening method seems warranted, and a better understanding of approaches to primary prevention is needed (35) .
The present study indicates that values for both the total PSA and percent free PSA differ by age. Additionally, this study shows differences by race/ethnicity in the relationship between age and total PSA. The projections of both total PSA and percent free PSA to the U.S. population of men ages 40 years and older, along with cost data, may help guide public health policy and screening practices for prostate cancer, and the findings of relationships by age and race/ethnicity may help to inform decision making in ways that promote the most efficient use of these technologies with the least resulting morbidity and mortality.
